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【Abstract】 Background Traumatic extensor knee contracture is very common in clinic，and most patients
have gait abnormalities. In clinical rehabilitation，the assessment of gait is mostly performed using scales and
balance instruments. Dynamic plantar pressure test，as a scientific and objective assessment method，has been
widely used in the assessment of lower limb diseases. The use of dynamic plantar pressure test in patients with
traumatic extensor knee contracture is less common both nationally and internationally. Objective To investigate
the distribution pattern of dynamic plantar pressure in patients with traumatic extensor knee contracture，and to
provide data support for guiding rehabilitation assessment and gait training.
Methods From December 2020 to December 2021，35 patients with traumatic extensor knee contracture who
were treated in the Department of Rehabilitation Medicine of the Second Affiliated Hospital of Anhui Medical
University were selected as the study group，and 30 healthy individuals with normal gait who volunteered to
participate in this study during the same period
were selected as the control group. ByGait-G6060-5 gait analysis system measuring instrument was used to
collect the plantar pressure parameters of the two groups of subjects. The step length，step width，step speed，foot
angle，total touchdown time，the proportion of plantar pressure in each area〔hallux toe（T1 area），second to fifth
toe（T2 area），first metatarsal（M1 area），second metatarsal（M2 area），third metatarsal（M3 area），fourth
metatarsal（M4 area），fifth metatarsal（M5 area），middle plantar（MF area），medial heel（MH area），lateral
heel（LH area）〕，the total plantar pressure Ad value，the maximum deviation distance（COP-X deviation） of
plantar pressure center in the lateral（left-right body direction） and the maximum deviation distance（COP-Y
deviation） of plantar pressure center in the longitudinal（anterior-posterior body direction） of the two groups were
compared and analyzed. Results The step length of the study group was shorter than that of the control group，the
step width and total touchdown time were longer than those of the control group，the step speed was slower than
that of the control group，and the foot angle was higher than that of the control group（P<0.05）. The proportions of
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plantar pressure in T2，M4 and M5 areas in the study group were higher than those in the control group，and the
proportions of plantar pressure in MH and LH areas were lower than those in the control group（P<0.05）. The total
pressure Ad value on the
affected side was lower than that on the healthy side in the study group（P<0.01）. The difference was not
statistically significant when comparing the percentage of total pressure Ad values on the left side with the right
side in the control group（P>0.05）. The deviation values in both the COP-X direction and COP-Y direction were
higher in the study group than in the control group（P<0.05）. Conclusion The patients with traumatic extensor knee
contracture have short stride length，wide based gait，slow pace，large foot angle and long total touchdown time of
both feet，less weight-bearing of the affected side of the lower extremity during walking，and predominantly
weight-bearing of the forefoot and lateral edge of the foot，with a greater lateral and longitudinal displacement of
center of pressure trajectories across both feet，large sloshing and poor stability during walking.
【Key words】 Knee contractures；Wounds and injuries；Dynamic plantar pressure；Gait；Weight-bearing；
Casecontrol studies
【Chinese Library Classification Number】 R 684 【Document Identification Code】 A

Joint contracture is a very common disease in clinic, which usually occurs in joint trauma, arthritis, central nervous
system injury and other diseases[1-2]. Knee joint contracture is the most common, which is mainly caused by knee joint
trauma and its surrounding tissue damage[3-4]. The changes of the knee joint after trauma mainly include two aspects: one is
the destruction of the knee joint itself and its surrounding tissues, and the other is the joint contracture caused by the fixation
after injury[5]. For patients with knee joint trauma, these two factors often exist at the same time, and the degree of trauma, the
way of fixation and the time are important factors affecting the degree of contracture[6]. Knee joint contracture can be divided
into extension contracture and flexion contracture according to the direction of limited joint activity. Since the knee joint is
fixed in the fully extended position after trauma, it is often accompanied by limited knee joint flexion activity, resulting in
extension contracture. Knee extension contracture is defined as the maximum knee flexion angle less than the normal range of
motion[7-8]. Once knee joint contracture occurs, it will seriously affect the patient's weight bearing and walking ability. In
clinical practice, the functional evaluation of traumatic extended knee contracture mainly depends on physical examination
and knee joint related assessment scales, but these assessments are often limited to the knee joint itself. As an important
method of gait analysis, plantar pressure analysis can simply, quickly and objectively quantify the characteristics of lower
limb biomechanical load during walking, and provide some guidance for walking training[9-10]. It has been reported in the
literature that with the change of knee kinematics and mechanical indexes, the ankle joint will also have corresponding
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parameter changes, which will affect the plantar pressure parameters[11]. By analyzing the distribution rule of dynamic
plantar pressure in patients with traumatic extended knee joint contracture and comparing with healthy adults with normal gait,
this study discussed the influence of traumatic extended knee joint contracture on dynamic plantar pressure parameters during
walking, and briefly described its change mechanism, which will provide reference for clinical rehabilitation evaluation and
treatment of such patients.
1 Data and methods
1.1 General data 35 patients with traumatic knee joint contracture of extension type who were treated in the Rehabilitation
Medicine Department of the Second Affiliated Hospital of Anhui Medical University from December 2020 to December 2021
were selected as the study group, and 30 healthy persons with normal gait who volunteered to participate in the study at the
same time were selected as the control group. This study was approved by the Medical Research Ethics Management
Committee of the Second Affiliated Hospital of Anhui Medical University (No. YX2020-072).
Inclusion criteria of the study group: (1) Meet the diagnostic criteria of traumatic extension contracture of the knee[12];
(2) The first damage was unilateral damage; (3) Able to fully understand and comply with the requirements of the therapist,
without cognitive impairment; (4) The yellow race people; (5) Sign the informed consent form for rehabilitation treatment.
Exclusion criteria: (1) Joint contracture caused by non traumatic joint braking factors in the past; (2) Flexion contracture of
knee joint; (3) Combined with other diseases affecting gait; (4) Unable to walk independently; (5) Unable to cooperate with
the treatment.
The Judet rating standard of the knee joint in the study group[13-14]: the starting position is 0 ° when the knee joint is
fully extended, excellent: bending>100 °; Good: knee flexion 80 ° - 100 °; Fair: bend the knee 50 ° - 79 °; Poor: knee
flexion<50 °. There is no significant difference between the two groups in terms of gender, age and other general data
(P>0.05), which is comparable, as shown in Table 1.
Table 1 Comparison of general data between the two groups
group
control group
study group
t /x2
P value

n
30
35

gender (male/female)
15/15
17/18
0.013a
0.909

age(year)
35.2±10.6
35.3±9.1
0.021
0.983

height（cm）
167.6±9.8
166.6±7.0
-0.549
0.585

weight (kg)
64.5±11.8
65.0±9.7
0.210
0.834

Notes：a represents the x2 value

1.2 Methods
1.2.1 Measure instruments and equipments The bottom pressure test adopts the ByGait-G6060-5 gait analysis system
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developed by the Sports and Health Information Technology Research Office of Hefei Institute of Material Science, Chinese
Academy of Sciences, with a single measuring effective area of 600 mm × 600 mm, the lattice density is 2.25 dots/cm2, the
sampling frequency is 100 Hz, and the total length is 3000 mm.
1.2.2 Measure procedure During the dynamic test, the tester was asked to take off shoes, socks and bare feet, stand 2 m
from the starting end of the test board, adjust breathing and relax for 1 min, after adapting to the floor temperature and
hardness, walk towards the test board with normal gait until the feet completely pass the full length of the test board, which is
the end of the test. Repeat the test for 3 times, and take the average value into the result analysis. The tester is required to walk
independently without using any auxiliary equipment during the whole test process, look straight ahead with both eyes, swing
arms naturally with both upper limbs, and do not deliberately stamp and stay on the test board. The test results are shown in
Figure 1.

Figure 1 Dynamic plantar pressure test footprints
During the static test, the tester was asked to take off shoes, socks and bare feet, stand on the static module of the pressure
plate, with feet separated naturally, hands drooping naturally, eyes looking straightly ahead, adjust breathing and relax for 1
min, stand quietly for 10 s after adapting to the temperature and hardness, and the test is completed. The tester is required to
stand stably. During the test, both feet shall not leave the pressure plate, and the time shall be counted after standing stably.
The test results are shown in Figure 2.

Figure 2 Trajectory of static plantar pressure cente
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1.2.3 Acquisition parameters ①Step length: refers to the distance between the heels of different feet touching the ground
successively. ②Step width: refers to the distance between the arches of both feet when two consecutive feet touch the ground.
③Step speed: the distance traveled in unit time. ④Foot angle: the included angle between the forward direction of the body
and the long axis of the foot. In this study, the sum of the absolute values of the foot angle on both sides was taken as the foot
angle measurement value and included in the data analysis. ⑤Touching time: the time from the first touchdown of one heel to
the toe off of the same side. In this study, the added value of touchdown duration of both sides was taken as the total
touchdown duration measurement and included in the data analysis. ⑥Proportion of plantar pressure in each area and Ad
value of bilateral plantar pressure: plantar pressure area is divided into 10 areas based on anatomy: toe (T1 area), second to
fifth toe (T2 area), first metatarsal (M1 area), second metatarsal (M2 area), third metatarsal (M3 area), fourth metatarsal (M4
area), fifth metatarsal (M5 area), middle plantar (MF area), medial heel (MH area), lateral heel (LH area), which is shown in
Figure 3. Systematically measure the pressure proportion of each area and the Ad value of bilateral plantar pressure. The
greater proportion or value reprents the greater pressure and more weight. In this study, the proportions of the affected lower
limb regions were taken into the data analysis in the research group, and the proportions of the left lower limb regions in the
control group were taken into the data analysis. ⑦Foot pressure center (COP) track: The foot pressure center is the acting
point of the instantaneous resultant force of the foot vertical ground reaction, and the pressure center track is the track
composed of a series of coordinates of the pressure center. The system analyzes and calculates the maximum deviation
distance of COP in the longitudinal direction (front and back direction of the body) and represents it as COP-Y. The maximum
deviation distance of COP in the transverse direction (left and right direction of the body) is represented as COP-X. The larger
the deviation is, the greater the body shaking is, and the worse the stability is.

Figure 3 Plantar division
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Notes:T1 represents the hallux region, T2 represents the second to fifth toe region, M1 represents the first metatarsal
region, M2 represents the second metatarsal region, M3 represents the third metatarsal region, M4 represents the fourth
metatarsal region, M5 represents the fifth metatarsal region, MF represents the midplantar region, MH represents the medial
foot heel region, and LH represents the lateral foot heel region
1.3 Statistical methods

SPSS 17.0 statistical software was used for data analysis. Normally distributed continuous

variables were presented as mean ± standard deviation, and the measurement data were compared using independent samples
t-test; Count data were obtained using х2 test for comparison. P < 0.05 was considered significant, and P < 0.01 was
considered significant.
2 Results
2.1 Comparison of step length, step width, step speed, foot angle, and touching time in two groups In the study group, the
step length was shorter than the control group, the step width and length to reach the ground were longer than the control
group, the step speed was slower than the control group, and the foot angle was higher than the control group, all differences
were statistically significant (P < 0.05), which is shown in Table 2.
Table 2 Comparison of step length, step width, step speed, foot angle and touching time between the two groups（x±s）
parameter
step length（m）
stride width（m）
step speed（m/s）
foot angle（°）
touching time（s）

study group

control group

0.59±0.23
0.17±0.04
0.62±0.29
20.10±10.60
1.31±0.41

0.83±0.17
0.14±0.04
0.81±0.20
14.37±6.08
1.09±0.26

t value
-4.84
2.34
-2.90
2.62
2.55

P value
0.000
0.023
0.005
0.011
0.013

2.2 Comparison of pressure ratio in each area of the plantar foot between the two groups There were no significant
differences between the two groups in the percentage ratio of plantar pressure in the T1, M1, M2, M3, and MF areas (P > 0.05);
In the study group, the percentage of plantar pressure occupied by the T2, M4 and M5 areas were higher than that of the
control group, while the percentage of plantar pressure occupied by the MH and LH areas were lower than that of the control
group, with statistically significant differences (P < 0.05), which was shown in Table 3.

6 / 15

GENERAL PRACTICE IN CHINA
Table 3 Comparison of the proportion of pressure distribution in each plantar area between the two groups (%)
partition study group
partition
T1
T2
M1
M2
M3
M4
M5
MH
LH
MF

control group t value
study group
5.69±2.27
7.27±2.19
10.69±2.86
8.80±2.02
8.93±1.70
7.81±2.00
4.31±1.45
18.55±4.14
16.31±3.78
11.61±4.81

P value
control group
5.30±1.99
5.96±1.87
11.58±2.36
9.18±1.78
8.63±2.10
6.39±1.00
3.34±0.86
21.13±2.86
18.40±2.30
10.07±2.85

t value
0.732
2.572
-1.348
-0.794
0.654
3.566
3.211
-2.874
-2.644
1.537

P value
0.467
0.012
0.183
0.430
0.515
0.001
0.002
0.006
0.010
0.129

Notes:T1 represents the hallux, T2 represents the second to fifth toe, M1 represents the first metatarsal, M2 represents the second metatarsal,
M3 represents the third metatarsal, M4 represents the fourth metatarsal, M5 represents the fifth metatarsal, MF represents the central plantar, MH
represents the medial foot heel, and LH represents the lateral heel of the foot

2.3 Comparison of the percentage of total pressure Ad at the plantar foot between the two groups Ad value accounted for
as the ratio of the sum of one plantar Ad value on one side to the bilateral plantar Ad value. The percentage of pressure Ad
value on the affected side of the study group was (45.73 ± 2.68)%, while the percentage of pressure Ad values on the healthy
side was (54.27 ± 2.68)%, and the percentage of pressure Ad values on the affected side of the study group was lower than that
on the healthy side, with a significant difference (t = -13.357, P < 0.01). The percentage of pressure Ad value occupied on the
left side was 50.04 ± 1.50)% in the control group and 49.96 ± 1.50)% in the right side in the control group, showing no
significant difference between the percentage of pressure Ad value occupied on the left side and the right side in the control
group (t = 0.204, P = 0.839).
2.4 Comparison of trajectory excursion values at the center of plantar pressure between two groups The excursion values
of the study group in both the COP-X direction and the COP-Y direction were higher than those of the control group, with
significant differences (P < 0.05), which was shown in Table 4.
Table 4 Comparison of center trajectory deviation values of plantar pressure between the two groups (mm)
direction
COP-X
COP-Y

study group
8.37±2.41
12.97±3.82

control group
6.60±2.22
9.97±3.85

t value
3.069
3.150

P value
0.003
0.002

Notes:COP= plantar pressure center; COP-X represents the maximum offset distance of COP in the lateral (left and right direction of the
body), and COP-Y represents the maximum offset distance of COP in the longitudinal (front and rear body direction)
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3 Discussion
Trauma to the knee is one of the leading causes of knee contractures[15]. When the knee joint is traumatized, destruction
of the articular surface, damage to surrounding tissues, hematoma organising after trauma, Adhesion of the joint capsule and
surrounding tissues can all lead to the development of joint contractures [6]. Hagiwara Y[16] et al suggested that the
morphological alteration of the joint capsule is a key factor leading to joint contracture. Investigators in recent years mostly
believe that fibrosis of the joint synovium is a major contributor to the development of joint contractures after trauma to the
knee joint[17-19]. The study by Yun Zhou et al in animal studies also showed that after knee trauma, the content of TGF-β1 in
joint fluid is on the rise, the degree of joint capsule fibrosis gradually increases, eventually leading to the occurrence of joint
contractures[20]. In clinical cases, trauma and fixation of the knee often occur successively, on the one hand, direct damage to
the tissues around the knee joint after trauma and bleeding in the joint cavity will cause adhesion to the surrounding tissues,
and on the other hand, fixation after trauma makes the blood circulation and synovial fluid flow in the joint cavity slower, and
adhesion occurs. In addition to this, traumatic knees with reduced active contraction of their surrounding muscle groups,
muscle atrophy, reduced extensibility, also cause myogenic contractures[21]. The knee, as an important joint of the lower
extremity, once joint contractures occur, they will lead to changes in the biomechanics of the lower extremity on the entire
affected side. The traditional assessment of knee function mainly includes the mobility of the knee, the muscle strength and
muscle tone of the peripheral muscle groups around the knee, the balance and weight bearing of the lower extremities, and
proprioceptive aspects. Assessment in terms of gait was also more limited to whether support and stepping were normal in all
phases of the lower extremity on the affected side. For walking, static assessment is often difficult to make objective
judgements of dynamic stepping. Some studies have shown that the dynamic imbalance of walking caused by diseases of the
lower limbs can cause changes in the distribution of plantar pressure[22-23], and the dynamic plantar stress tester can well
capture the alterations of plantar pressure during walking well, thus making an objective assessment of the weight-bearing and
walking ability of the lower limbs.
In this study, the author compared the difference in plantar pressure between patients with traumatic extension knee
contracture and normal subjects, and ,it can be seen that patients with traumatic extension knee contracture showed a
reduction in step size and gait speed compared with normal subjects from the general data of gait analysis, which was
associated with posttraumatic pain and a reduction in the active flexion angle of the knee due to knee contracture[24]. On the
other hand, the decrease in quadriceps muscle strength on the affected side also decreases the rate of knee extension during
stepping[25]. Studies by Xia Qing[26] and others showed that patients with knee dysfunction had higher limb pedal extension
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periods than the contralateral counterpart periods. Previous studies in patients with knee osteoarthritis found that knee
extension at the pedal stage results from a prolonged flexion to extension process and even failure to fully extend the
knee[27-28]. For patients with knee joint dysfunction, all of the above factors contribute to the reduction of gait speed. In
addition, the step width and foot angle of the study group were larger than those of the control group, which was related to the
stability during walking, and the increased step width and foot angle could enhance the weight bearing and stability of the
lower limbs during walking, which was consistent with the study of Li Xiuzhen[29]. It is important to point out that in a
previous study, patients with knee injury had a longer time to reach the ground on the affected side of the lower extremity than
the contralateral side[12]. In this study, the total length of touch to the ground was elevated in the study group compared with
the control group, considering that it was caused by the poor weight-bearing ability of the lower limbs on the affected side and
the elevated length of touch to the lower limbs on the contralateral side during the supporting phase of walking.
In terms of pressure in each region of the plantar foot, the study group showed increased plantar pressure in the T2
(second to fifth toes) area, M4 (fourth metatarsal) area, M5 (fifth metatarsal) area compared with the control group, and
decreased plantar pressure in the LH (lateral to the heel heel) area and MH (medial to the heel) area compared with the control
group. As can be seen from the changes in plantar partition pressure, patients with traumatic knee contracture had elevated
pressure accounted for in the anterolateral foot relative to normal, decreased pressure accounted for in the posteromedial foot
relative to normal, and, overall, had predominantly greater anterolateral weight-bearing of the foot during walking. The
author's analysis may have been performed to relieve pain resulting from weight-bearing on the medial platform of the knee
during walking, and thus compensatory to weight-bearing on the lateral edge of the foot. In addition, most patients with
posttraumatic knee contractures have some degree of contracture of the triceps and Achilles tendons on the affected side due
to immobilization or less weight-bearing on the affected side of the lower extremity, resulting in the inability of the affected
side's heel to carry weight adequately during walking and an increase in the weight-bearing of the affected side's forefoot,
which is consistent with the structure of studies by Huan Wang[30] and Yongxiang Zhang[31]. In this study, the percentage of
pressure Ad value on the affected side of the observed group was significantly lower than that on the healthy side, and
statistical analysis was significant (P < 0.01), whereas there was no significant difference in the percentage of force Ad value
on the control side (P = 0.839), indicating that patients with traumatic extensor knee contracture have an asymmetric total
plantar pressure on both sides, and the percentage of pressure on the affected side is low. The lower extremity force lines are
lines drawn between the center of the femoral head, the center of the knee joint, and the center of the ankle joint at three points,
and during normal gait, the force lines of the lower extremities on both sides are basically consistent, and the resulting plantar
pressure is not much different[32]. Patients with traumatic extensor contracture of the knee have decreased weight-bearing
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ability of the affected limb due to pain in the affected side of the knee, and during walking, in order to reduce knee load, the
center of gravity of the body shifts toward the affected side so that the weight-bearing of the affected side is higher than that of
the affected side.
The plantar center of pressure trajectory (COP trajectory), which can be used to measure a person's bipedal center of
pressure excursion in the left-right and anterior posterior directions while standing, can be used to assess the stability of foot
movement based on this trajectory, commonly used in the analysis of gait and the assessment of balance ability[33-35].
Normally, while remaining stationary, the cop trajectory is less shifted and the trajectory is essentially similar on both
sides[36]. Patients with traumatic extension type knee contractures present with decreased muscle strength in the muscle
groups around the knee, reduced joint mobility, and impaired proprioception that can lead to altered force lines in the affected
side of the lower extremity upon standing[3], and knee instability can also lead to shaking of the body's center of gravity
during standing that can affect the cop trajectory. In addition, as the affected side mainly carries much weight on the
anterolateral side, so that the ankle joint is in a certain degree of varus, it similarly leads to the offset of the cop trajectory,
which is consistent with the findings of Hou zongchen[37] and others. In this study, the amplitude of trajectory excursion in
both Y - and X-axis direction was increased in the observation group, which illustrated that while standing at rest, the
amplitude of center of gravity excursion was increased in patients with traumatic extensor knee contracture, implying a worse
stability in standing than normal.
In conclusion, patients with traumatic extensor knee contracture showed differences in plantar pressure, both statically
and dynamically, compared with normal subjects. The following main findings were noted: patients with traumatic extensor
knee contracture had long and wide based steps, slow gait, large foot angulations, and long lengths of bilateral foot contact,
less weight-bearing in the affected side of the leg during walking, and predominantly weight-bearing on the forefoot and
lateral edge of the foot, with increased lateral and longitudinal excursion of the center of pressure trajectory and poor stability
during walking. This method of plantar stress testing can objectively, scientifically, and effectively detect the gait
characteristics of patients with traumatic extensor knee contracture when they are weight bearing and standing, and may
provide a useful reference when evaluating lower extremity function and rehabilitation training for such patients. However,
the weaknesses of this study were mainly the small sample size, and long-term follow-up and secondary evaluation of the
study subjects were not performed.
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